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(54) Mobile radio communication system and radio circuit controlling method therefor 



(57) A mobile radio communication system which 
sets a radio circuit efficiently without deteriorating the 
communication quality even when congestion of com- 
munication channels occurs. The mobile radio commu- 
nication system includes a plurality of mobile stations, a 
plurality of base station which can be connected to the 
mobile stations through radio circuits, and mobile 
switching center for controlling connections between the 



mobile stations and the base station. The mobile switch- 
ing center performs connection of the mobile stations 
and base station for the reverse-link from the mobile 
stations to the base station and the forward-link from the 
base station to the mobile stations independently of 
each other. ' 
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Description 

BACKGROUND OF THE INVENTION 

1 . Reld of the Invention: 

This invention relates to a mobile radio communica- 
tion system and a radio circuit controlling method there- 
for. 

2, Description off the Related Art: 

Conventionally, in a mobile radio communication 
system which Includes a plurality of base stations and a 
mobile station which can communicate with the pfuraltty 
of t>ase stations individually by radio, each of the base 
stations has a limited region (wireless zone) in which it 
provides services, and in principle, the mobile station 
communicates with one of the base stations which has 
a wireless zone in which the mobile station is currently 
present. However, in order to eliminate places in which 
the mobile station canrxrt communicate, the region in 
which each base station can communicate with the 
nrx>bile station is actually set somewhat wider Conse- 
quently there actually is a region in which the mobile 
station can communicate with a plurality of base sta- 
tions. 

In such a conventional mobile ratio communication 
system as described above, communication is some- 
times disabled when the traffic in a wireless zone of a 
base station Is so great as to cause congestion of com- 
munication channels. Desaibing more particularly. In a 
mobile ratio communication system which employs a 
time division multiplex access (TDMA) mobile radio 
communication system, tiie congestion of communica- 
^tion channels is restricted by the number of radio dr- 
cuits physically arranged in the wireless zone. 

Therefore, conventionally, in order to establish a 
call connection between a certain base station and a 
mobile station which is present in the wireless zone of 
the base station, tiie mobile station measures the 
reception level of a radio wave transmitted from the 
base station to which a call connection is to be estab- 
lished and further measures the reception level of otiier 
radio wave transmitted from otiier base stations which 
are positioned around the wireless zone of the base sta- 
tion to which a call connection is to be established. The 
reception levels of the received signals measured by the 
mobile station are reported to the base stations. 

Meanwhile, a host apparatus of the base stations 
supervises whether or not congestion of communication 
channels occurs in tiie wireless zone of each of the 
base stations, and if congestion of communication 
channels is detected and a free radio circuit is not avail- 
able, the host apparatus confirms tiie reception levels 
reported from tiie mobile station which is communicat- 
ing with tiie base station which has the wireless zone. If 
the host apparatus confirms, as a result of the confirma- 



tion of the reception levels, that tiie reception level of a 
radio wave ti-ansmitted from another base station is suf- 
ficientiy high for the quality of the radio circuit to be 
secured, then it controls so tiiat radio communication 

5 may be performed between the mobile station and the 
otiier base station aKhough said other base station has 
a wireless zone different from the wireless zone set orig- 
inally for the place. 

Here, in a time division mobile radio communication 

10 system, for communication l^tween a mobile station 
and a base station, tiie same frequency Is used in a plu- 
rality of wireless zones at positions spaced from each 
otiier by a distance larger than a distance set in 
advance. This presupposes that each base station com- 

15 municates with mobile stations which are fxesent in a 
wireless zone set for the base station, and is intended to 
achieve effective utilization of frequencies. 

However, if. when congestion of communication 
channels occurs in a wireless zone, communication is 

20 performed between a mobile station and another base 
station ignoring the wireless zone division, then the 
communication is performed using tiie same frequency 
at positions spaced from each other by a smaller dis- 
tance tiian tiie prescribed distance. Consequentiy. tiiere 

25 is the possibility that interference may occur and cause 
failure of the communication. 

On the other hand, in a mobile radio communication 
system which adopts a code division multiplex access 
(CDMA) mobile radio communication (CDMA) system. 

30 a radio wave transmitted from a mobile station becomes 
an interfering wave witii another mobile station, result- 
ing in deterioration of tiie communication quality of the 
latter mobile station. 

Therefore, a base station measures the reception 

35 power in the reverse-link of a radio wave tansmitted 
from a mobile station and then produces, based on a 
result of the measurement, a control signal for control- 
ling tiie transmission power from the mobile station to a 
minimum value necessary to obtain a required quality. 

40 and transmits tiie control signal to tiie mobile station. As 
a result, tiie transmission power from the mobile station 
is controlled to the mininnjm value necessary to dtitaln 
the required quality. 

Here, in a mobile radio communicati'on system 

45 which adopts such a code division multiplex mobile 
radio communication system as described above, when 
a mobile station is present in an area in which the wire- 
less zone of a certain base station and ttie wireless 
zone of another base station overlap with each otiier, 

50 the mobile station communicates with both of tiie two 
base stations and thus receives conifrol signals trans- 
mitted from tiie two base stations. In this instance, tiie 
ti-ansmission power is set in accbrclance with tiiat one of 
the received control signals whichlcorrtrols the transmis- 

55 sion power to a lower value. 

Normally, tiie transmission power is in most cases 
controlled to a lower value by a nearer base statioa 
By the way if a mobile radio communication system 
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which adopts the code division miitiplex mobile radio 
communication system adopts a radio circuit controlling 
system adopted by the time division mobile radio com- 
munication system described above, then when con- 
gestion of communication channels occurs, a mobile 5 
station communicates not with the nearest base station 
but with another tase station spaced by a larger dis- 
tance, and consequently, a higher transmission power is 
required. In this instance, a radio wave transmitted Irom 
the radio station becomes an int^ering wave with other 70 
mobile stations. Consequently, there is a problem in that 
the communication quality of the other mobile station 
cannot be maintained, resulting in a deterioration of 
service. 

In this manner, the controlling method upon com- is 
munication channel congestion adopted t>y such a time 
division mobile ratio communication system as 
described above conflicts with the controlling method in 
an ordinary code division multiplex mobile radio com- 
munication system. 20 

By the way. as described above, a radio wave of a 
mobile station becomes an interfering wave with other 
mobile station principally In the reverse-link in which the 
radio wave is transmitted from the mobile station. 

Further, actually the traffic of the forward-link and 2S 
the traffic of the reverse-link in the wireless zone of a 
base station are sometimes different from each other 
(asymmetrical commurtication condition). For example, 
in data communication of the internet, the traffic in the 
fonward-link is greater than the traffic in the reverse-link, 30 
and congestion of communication channels sometimes 
occurs only in the forward-link. 

Here, in a controlling method adopted by such a 
time division mobile radio communication system as 
desCTibed above, if congestion of communication chan- ss 
nels occurs, then since a mobile station is controlled so 
that it communicates with another base station In both 
the reverse-link and the forward-link, if congestion of 
conrmiunrcation channels occurs only in the forward-link, 
the mobile station is controlled so that also the commu- 4o 
nication thereof In the reverse-link in which no conges- 
tion of communicatton channels occurs is performed 
with said other base station, resulting in the possibility 
that tiie communication quality of the latter mobile sta- 
tion may be deteriorated. 45 

Therefore, a mobile radio communication system 
which adopts the code division multiplex mobile radio 
communication system does not adopt a controlling 
method similar to that of the time division mobile radio 
communication system because Irrterference occurs so 
between mobile stations. 

Further, where physical radio circuits are present, 
when the traffic exceeds a fixed level, control to prevent 
new communication from being started is performed. 

55 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 



mobile radio communication system and a radio circuit 
controlling metiiod therefor by which a radio circuit can 
be set effia'ently without deteriorating the communica- 
tion quality even when congestion of communication 
channel occurs. 

In order to attain the object described above, 
axording to an aspect of the present invention, a radio 
circuit controlling metiiod for a mobile radio communica- 
tion system which includes at least a plurality of mobile 
stations, a plurality of radio means which can be con- 
nected to the mobile stations through radio circuits, and 
radio control means for controlling connections between 
the mobile stations and the radio means comprises the 
step of performing connection of the mobile stations and 
the radio means for the reverse-link from the mobile sta- 
tions to the radio means and the forward-link from the 
radio means to the mobile stations independently of 
each other. 

More particularly, the base station of a mobile sta- 
tion is changed for either the reverse-link or the forward- 
link, whichever is in a congestion condition. This is par- 
ticulariy effective when congestion occurs in the for- 
ward-link. 

Further, a selected base station selected for a 
mobile station is changed based on traffic at the base 
stations and reception levels of signals at the nrx)bile 
station transmitted from the base stations. 

Consequently, when a mobile station is in the wire- 
less zone of one of the base stations, it sometimes per- 
forms communication with another base station in either 
tiie reverse-link or the forward-link. 

By the construction described above, when the 
radio circuits are utilized effectively, a situation in which 
communication is disabled by oocunrence of congestion 
at one of the base stations can be prevented. 

According to another aspect of the present inven- 
tion, a radio circuit controlling method for a mobile radio 
communication system comprises the steps of measur- 
ing congestion In the reverse-link and fbnward-link of a 
base station, switching tine reverse-link or fonward-link of 
a mobile station in tiie wireless zone of the base station 
so as to communicate with an adjacent base station, 
measuring reception levels of signals from the base sta- 
tion and adjacent base station by the mobile station, 
reporting the reception levels and a transmission power 
of the t>ase station to the adjacent base station, and 
controlling the transmission power of the base station or 
tiie adjacent base station and controlling the transmis- 
sion power of the mobile station based on the reported 
reception levels and transmission power. 

A base station at which congestion is detected is 
switched either for the reverse-link or fbro/ard-link. The 
base station which communicates in the reverse-link 
with a mobile station transmits a control signal for the 
transmission power of the mobile station. In order to 
secure the quality of communication to the mobile sta- 
tion, tiie reception level at the mobile station of a radio 
wave transmitted from tiie base station is reported to 
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that one of the base station which communicates in the 
forward-link, and the foiward transmission power is con- 
trolled based on the reported reception level. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent 
from the following description referring to the accompa- 
nying drawings which illustrate an exanrple of a pre- 
fen-ed embodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a diagrammatic view showing an embodi- 
ment of a mobile radio communication s/stem of 
the present invention; 

Rg. 2 is a block diagram showing a f irsi embodi- 
ment of a base station shown in Rg. 1 ; 
Rg. 3 is a block diagram showing an example of a 
construction of a mobile switching center shown in 
Rg. 1: 

Rg. 4 is a schematic view showing a call manage- 
ment table provided in a radio circuit congestion 
detector shown in Rg. 3; 

Rg. 5 is a flow chart illustrating processing upon 
detection of congestion of the mobile radio commu- 
nication system shown in Rg. 1 ; 
Rg. S \s a flow chart illustrating processing upon 
elimination of congestion of the mobile radio com- 
munication system shown in Rg. 1 ; 
Rg. 7 is a flow chart illustrating processing upon cir- 
cuit switching of the mobile radio communication 
system shown in Fig. 1 ; 

Rg. 8 is a view showing an example of the call man- 
agement table shown in Fig. 4; and 
Rg. 9 is a block diagram showing a second embod- 
iment of the base station shown in Rg. 1 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(Rrst Embodiment) 

The present embodiment includes, as shown In Fig. 
1. a plurality of mobile stations 14,18 (only two mobile 
stations are shown), a plurality of base stations 12, 13 
(only two base stations are shown) connected to mobile 
station 14 over radio circuits and serving as radio 
means, and one or more mobile switching centers 1 1 
(only one mobile switching center is shown) connected 
to base stations 12. 13 and network 17 for switching 
connections between base stations 12, 13 and mobile 
station 14 and performing switching control witii net- 
work 1 7. It is to be noted that mobile station 14 is a so- 
called portable telephone set and communicates with 
network 17 ttnrough base station 12 and mobile switch- 
ing center 11. 

In order to make it possible to keep the continuity of 
service areas which can be used by mobile station 14, 
wireless zone 15 of base station 12 and wireless zone 



16 of acQacent base station 13 are provided in an over- 
lapping relationship with each other. While only one 
adjacent zone is shown in Rg. 1 . the actual single wire- 
less zone 15 is surrounded by wireless zones of a large 

5 number of base stations. 

Each of base stations 12, 13 in the present embod- 
iment includes, as shown in Rg. 2, an antenna 20 for 
transmission and reception, a receiver 21 for receiving a 
signal transmitted from mobile station 14, a reception 

10 level measuring unit 22 for measuring ttie reception 
level of the signal received by receiver 21. a reverse 
reception power controller 24 for controlling the reverse 
reception power based on the result of the measure- 
ment of reception level measuring unit 22, a control sig- 

15 nal produQ'ng unit 25 for producing a control signal for 
controlling the ti-ansmission power of mobile station 14 
so that the reverse reception power controlled by 
reverse reception power controller 24 may be obtained, 
a transmitter 23 for transmitting a signal including tiie 

20 control signal produced by control signal producing unit 
25 to mobile station 14, a mobile station reception level 
discriminator 27 for discriminating the reception level of 
the signal of mobile station 14 from among signals 
received by receiver 21 . a transmission power corrector 

25 28 for calculating a correction value for correcting tiie 
forward transmission power based on tiie reception 
level of mobile station 14 transmitted thereto from 
another base station through mobile switching center 
11. and a fonward transmission power controller 26 for 

30 controlling the fon^^ard transmission power of transmit- 
ter 23 based on tiie result of the discrimination of mobile 
station reception level disaiminator 27 or the conrection 
value calculated by transmission power corrector 28. 
In tiie following, operation of the fc»ase station hav- 

35 ing such a construction as described above is 
desaibed. 

A signal transmitted from mobile station 14 is 
received by receiver 21 through antenna 20 and ttien 
transmitted to mobile switching center 11. Simultane- 

40 ously. the reception power level of the signal received is 
measured by reception level measuring unit 22. A result 
of the measurement of reception level measuring unit 
22 is transmitted to reverse reception power controller 
24. by which it is compared with a threshold value des- 

45 ignated in advance. Thereafter, a control signal for set- 
ting the transmission power of mobile station 14 is 
produced based on a result of tiie comparison of 
reverse reception power controller 24 by control signal 
producing unit 25. The control signal tiius produced is 

so transmitted from ti-ansmitter 23 to mobile station 14 
through antenna 20. 

Meanwhile, mobile station 14 measures the recep- 
tion levels of fonward signals transmitted from base sta- 
tions 12. 13 and transmits results of the measurement 

55 to base stations 12. 13. In each of base stations 12. 13. 
the result of the measurement transmitted from mobile 
station 1 4 is received by receiver 21 through antenna 20 
and then sent to mobile station reception level discrimi- 
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nator 27. Consequently, the resutt of the measurement 
transmitted from mobile station 14 is compared with the 
threshold value designated In advance by mobile station 
reception level discriminator 27. As a result, fonvard 
transmission power controller 26 controls the fon^vard 
transmission power of transmitter 23 based on a resutt 
of the comparison of mobile station reception level dis- 
criminator 27. 

It Is to be noted that, although her^nafter 
described, if the base station effects forward communi- 
cation with mobile station 14 but does not receive a 
reverse transmission signal transmitted from mobile sta- 
tion 14 like base station 13 shown in Fig. 1, transmis- 
sion power corrector 28 calculates a correction value to 
be used for correction of the forward transmission power 
based on a reception level of mobile station 14 sent 
thereto from another base station 12 through mobile 
switching center 11. and forward transmission power 
controller 26 sets a forward transmission power based 
on the correction value calculated by transmission 
power corrector 28, A signal is transmitted from trans- 
mitter 23 with the forward transmission power thus set 
Mobile switching center 1 1 in the present embodi- 
ment includes, as shown in Fig. 3. a radio controller 35 
for switching connections between base stations 12, 13 
and mobile station 1 4. and an exchange controller 36 for 
performing exchanging control with network 17. Radio 
controller 35 includes a plurality off radio circuit conges- 
tion detectors 31. 32 (only two radio circuit congestion 
detectors are shown) for detecting a congestion condi- 
tion of communication channels In the wireless zones of 
base stations 12, 13, and circuit switching controller 33 
for switching connections between base stations 12, 13 
and mobile station 14 based on results of the detection 
of radio circuit congestion detectors 31. 32. It is to be 
noted that radio circuit congestion detector 31 detects a 
congestion condition of communication channels In the 
wireless zone of base station 12 while radio circuit con- 
gestion detector 32 detects a congestion condition of 
communication channels in the wireless zone of base 
station 13, and each of them performs congestion 
detection for the reverse-link and the fonArard-link inde- 
pendently of each other. 

After mobile station 14 starts communication, a call 
management table 34 shown In Fig. 4 is produced. If 
congestion of communication channels Is detected, 
then the fonward reception level and the reverse and for- 
ward traffic are discriminated for each mobile station, 
and those of mobile stations present around the wire- 
less zones of the base stations managed by mobile 
switching center 1 1 which use the channel with which 
the congestion has been detected are detected. 

Thereafter, for those of the thus detected mobile 
stations which are at positions where they can commu- 
nicate with different base stations, circuit switching con- 
trol is performed by circuit switching controller 33. 

In the following, a radio circuit controlling method 
for the mobile radio communication system having such 



a construction as described above is described. 

Rst. processing upon detection of congestion is 
described with reference to Fig. 5. 

It is assumed that mobile station 14 is communicat- 
5 ing with mobile switching center 1 1 through base station 
12. 

If a signal of the forward-link transmitted from base 
station 12 is received by mobile station 14, then the 
reception level of the received signal is measured at 

10 step S401 . and the measured reception level is reported 
to mobile switching center 1 1 through mobile station 14. 

After the reception level of mobile station 14 is 
reported to mobile switching center 1 1 , at step S402 
mobile switching center 11 updates the mobile station 

15 reception level information of call management table 34 
(refer to Fig. 4) which was produced upon the call con- 
nection. It is to be noted that, for each mobile station, at 
least the reception level in the forward-link of the nnobiie 
station and the traffic of the reverse-link and forward-link 

20 which were set upon the call connection are stored in 
call management table 34. Further, updating processing 
of information stored in call management table 34 is 
performed periodically after each fixed time set in 
advance. 

25 If a new call is originated in base station 12. then 
mobile switching center 1 1 starts call connection and 
discriminates whether or not the traffic at present is 
higher than the allowable traffic of base station 12 set in 
advance. If it is disaiminated that the allowable traffic is 

30 exceeded, then it is disaiminated by base station 12 
that congestion of a radio circuit has occurred at step 
S403. in this Instance, it is discriminated whether or not 
congestion occurs in both the reverse-link and the for- 
ward-link. As a congestion detection method, a method 

35 may be employed wherein mobile switching center 1 1 
inquires of base station 12 about the congestion condi- 
tion of a communication channel In the wireless zone. 

If congestion occurs in the forward-link of mobile 
station 14. then mobile switching center 11 selects the 

40 mobile station 14 that exhibits the lowest fon^ard recep- 
tion level from call management table 34 of base station 
12 at step 8404. 

After the mobile station 14 which exhibits the lowest 
forward reception level has been selected in step S404. 

45 mobile switching center 1 1 transmits to mobile station 
14 a command to check reception conditions of signals 
from the individual base stations to discriminate 
whether or not there is a base station with which mobile 
station 14 can communicate other than base station 12 

so and send, if mobile station 14 can comnunicate with a 
plurality of base stations, a report indicating which base 
station mobile stations 14 can receive with the highest 
reception level. When the command from mobile switch- 
ing center 11 is received by mobile station 14. mobile 

55 station 14 receives radio waves from a plurality of base 
stations therearound and selects the base station 13 
which it can receive with the highest reception level at 
step S405, and a resutt of the selection is reported from 
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mobile station 14- to mobile switching center 11. 

After the result of the selection of mobile station 14 
is reported to mobile switching center 1 1. mobile switch- 
ing center 1 1 servis out a circuit connection instruction 
to mobile station 14 through base station 12 to effect s 
transmission to base station 12 in the reverse-link 
Simultaneously, mobile switching center 11 sends out 
another circuit connection instruction to base station 13 
to connect the fbraard-link to mobile station 14. 

Here, while one mobile station is normally con- io 
nected to the same base station in both the reverseHink 
and fbHArard-linK in the present embodiment, mobile 
station 14 is connected to base station 13 in the for- 
ward-link in which congestion occurs, but Is connected, 
in the reverse-link in which no congestion occurs, to is 
base station 12 in accordance with the original zone 
division. 

The reception level from base station 12 and the 
reception level from base station 13 at mobile station 14 
are transmitted together with the circuit connection 20 
instruction to base station 13, and the transmission 
power to mobile station 14 is calculated based on the 
received reception levels by base station 13 at step 
S406. 

After the circuit connection is completed, the com- 25 
pletion Is reported by mobile station 1 4 to mobile switch- 
ing center 11. and by control of mobile switching center 
11. communication from base station 13 to mobile sta- 
tion 14 is started and the fomvaid-link communication 
from base station 12 to mobile station 14 is stopped. 30 

From base station 12 whose forward-link communi- 
cation has been stopped, .only a control signal for a 
reverse transmission power necessary for mobile sta- 
tion 14 to effect transmission power control of the 
reverse-link Is transmitted to base station 12 at step 35 
S407. Here, since the control signal transmitted from 
base station 12 is transmitted at a lower value than an 
ordinary signal communicated, even when the circuit 
communication is stopped, transmission of the control 
signal over the circuit thus stopped does not cause 40 
interference with any other communication. 

At mobile station 14 whose fonward-link has been 
set with base station 13, the reception level of a signal 
transmitted from base station 13 is measured, and the 
result of the measurement is transmitted from mobile 45 
station 14 to base station 13 through base station 12 
and mobile switching center 1 1 . 

After the result of the measurement of the reception 
level of mobile station 1 4 is received by base station 1 3, 
base station 13 controls its own transmission power so 
based on the received reception level at step S408. 

Now. processing when congestion is eliminated is 
described with reference to Fig. 6. 

If another mobile station (not shown) which has 
been communicating with base station 12 moves into ss 
the wireless zone of another base station or ends its 
communication, then mobile switching center 1 1 either 
calculates the free capacity of the radio circuits of base 



station 1 2 or calculates the free capacity of the radio cir- 
cuits of base station 12 directly or through base station 
12. After the free capacity of the radio circuits is calcu- 
lated, mobile switching center 1 1 compares the free 
capacity of the fbnvard-IInk of base station 12 and the 
traffic by fonward-link communication from base station 
13 to mobile station 14 with each other. When the free 
capacity is larger, mobile switching center 1 1 detects 
congestion elimination of base station 12 at step S501. 

If congestion elimination is detected, then mobile 
switching center 1 1 sends out a circuit switching instruc- 
tion to mobile station 14 through base station 13 to use 
the fonward-link from base station 12 for reception. At 
mobBe station 14, having received the circuit switching 
instruction, preparations for reception of forward-lir*: 
communication from base station 12 are performed at 
step S502, and a circuit connection report is transmitted 
from mobile station 14 to mobile switching center 11 
through base station 12 using the reverse-link. 

After the circuit connection report is received by 
mobile switching center 11. by control of mobile switch- 
ing center 1 1, the fonward-link communication signal is 
transmitted from base station 12 to mobile station 14 
while a fbnvard-link disconnection instruction to mobile 
station 14 is b-ansmitted from mobile switching center 
1 1 to base station 13. Consequentiy. transmission from 
base station 13 to mobile station 14 Is stopped at steo 
S503. 

Now. processing when mobile station 14 moves 
from wireless zone 15 of base station 12 to wireless 
zone 16 of base station 13 is described with reference 
to Rg. 7. 

If mobile station 14 communicating with mobile 
switching center 1 1 through base station 12 moves until 
it is discriminated, in tiie updating processing for call 
management table 34 (refer to Fig. 4) which is per- 
fbmied periodically, that the reception level of the radio 
wave transmitted from base station 1 3 is higher than the 
reception level of the radio wave transmitted from base 
station 12 at step S601 , tiien a circuit switching request 
Is Issued. More particularly, a circuit switching request 
to base station 13 is sent out from mobile station 14 to 
mobile switching center 1 1 through base station 1 2, and 
mobBe switching center 11 which receives tfie circuit 
switching request compares the t-affic of the reverse- 
link and fonward-fink of mobile station 14 from call man- 
agement table 34 of base station 1 2 v/hh the free capac- 
ity of base station 13. 

Iff tiie traffic of mobile station 14 exceeds tfie free 
capacity of tiie circuits of base station 1 3. tiien since no 
radio circuit to base station 1 3 can be switched, a circuit 
switching inhibition signal is transmitted from mobile 
switching center 11 to mobile station 14 (not shown), 
and ttie communication between mobile station 14 and 
base station 12 is continued. 

On tile other hand, if the traffic in only one of eittier 
ttie reverse-link or fonward-link is smaller than tiie free 
capacity of tile circuits of basestation 13, tiien switching 
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is performed only for that link. For example, if the free 
capacity only of the re^erse-iink of base station 13 is 
higher while congestion occurs in the fonward-link at 
step S602, then a reverse-link switching signal is trans- 
mitted from mobile switching center 1 1 to mobile station 5 
14 through t>ase station 12. A reverse-link switching sig- 
nal is transmitted also to base station 13. 

Consequently, base station 13 which receives the 
signal starts reception of a signal using the reverse-link 
from mobile station 1 4 at step S603. 10 

After reception of a signal by base station 13 using 
the reverse-link from mobile station 14 is started, a sig- 
nal is transmitted from mobile station 14 to base station 

13, and base station 13 which receives the signal meas- 
ures the reception level of the signal. is 

Thereafter, a required transmission level for mobile 
station 14 is determined based on the thus measured 
reception level, and a transmission power control signal 
for setting the output power of mobile station 14 to the 
required transmission level is produced and transmitted 20 
from base station 1 3 to mobile station 1 4. 

Further, the reverse-link connection report is trans- 
mitted from base station 13 to mobile switching center 
11. and mobile switching center 11 which receives the 
reverse-link connection report transmits a reverse-link 25 
disconnection instruction to base station 12. Conse- 
quentiy. base station 12 which receives the circuit dis- 
connection instruction stops its transmission of the 
reverse-link to mobile station 14. Meanwhile, as regards 
the forward-link, since it is in a so-called congestion 30 
condition wherein the traffic of mobile station 14 is 
greater than the free capacity of the circuit of t>ase sta- 
tion 13, a forward-link switching inhibition signal is trans- 
mitted from mobile switching center 1 1 to mobile station 

14. and consequentiy, the communication between 35 
mobile station 14 and base station 12 is continued. 

Mobile station 14 which communicates with base 
station 12 in the fonward-link and base station 13 In the 
reverse-link in this manner measures the reception level 
of a signal transmitted from t^ase station 12 and trans- 40 
mits the measured reception level to base station 12 
through base station 12 and mobile switching center 1 1 . 
Consequentiy. base station 12 controls the transmission 
power leased on the reception level measured by mobile 
station 14. 45 

It is to be rK3ted that, if the free capacity is larger 
than the traffic in t>oth the reverse-link and forward-link, 
then since switching is possible for both the reverse-link 
and forward-link, radio circuit switching is performed in 
an ordinary manner for both the reverse-link and for- so 
ward-link (not shown). 

In the following, selection of a mobile station which 
is to perform circuit switching upon congestion in the 
present emtxxliment is desaibed in detail with refer- 
ence to Fig. 8. 55 

In Fig. 8, mobile station 5 originates a call while four 
mobile stations 1 to 4 are connected in wireless zone 15 
of base station 12. It is to be noted tiiat the maximum 



channel capacity of base station 12 is 256 Kbps. and 
base station 13 does not include a mobile station which 
is in communication. 

It is assumed that, in the condition described 
above, mobile station 5 which is positioned near the 
center of the wireless zone originates a call for commu- 
nication w'rth the fonivard transmission speed of 64 Kbps 
and the reverse transmission speed of 32 Kbps. 

However, if communication between mobile station 
5 and base station 12 is started, then since the traffic in 
the forward-link exceeds the maximum transmission 
capacity of base station 12. the communication is not 
permitted. Thus, the reception levels (power values) of 
tiie fonvard-links of the mobile stations are compared 
with each other, and mobile station 1 and mobile station 
2 which exhibit the lowest reception level are selected. 
Furtiner. the forward transmission speeds of mobile sta- 
tion 1 and mobile station 2 are compared with each 
other, and mobile station 2 to which a new call can be 
connected is selected as an object of switching and 
switching of mobile station 2 between the base stations 
is performed 

It is to be noted that it Is described in the present 
embodiment that a mobile station selected for switching 
can also communicate wKh another base station. How- 
ever, if there exists no other base station which can 
communicate with the selected mobile station, tiien one 
of the mobile stations communicatatDle with other base 
stations which satisfies the requirements regarding tiie 
reception level and tiie traffic described above as much 
as possible, may be used. 

(Second Embodiment) 

Base stations 12, 13 in the present emtKxJiment are 
different from those shown in Fig. 2 only in that, as seen 
from Fig. 9, a result of comparison of mobile station 
reception level discriminator 27 Is transmitted to another 
base station through mobile switching center 11 and 
tiiat they do not include transmission power corrector 
28. When fonvard transmission to mobile station 14 is 
performed but a reverse transmission signal transmitted 
from mobile station 14 is not received, like base station 
13 shown in Fig. 1, forward transmission power control- 
ler 26 sets a forward fransmission power based on a 
result of comparison sent thereto from the other base 
station 12 through mobile switching center 11, and a 
signal is transmitted from ti'ansmitter 23 with the thus 
set forward transmission power. 

In the present embodiment, since only a result of 
comparison of reverse reception power controller 24 is 
transmitted to the other base stations, the nunffoer of 
signals to be transmitted can be reduced. 

It is to be understood tiiat variations and modifica- 
tions of MOBILE RADIO COMMUNICATION SYSTEM 
disclosed herein will be evident to those skilled in the 
art It is intended that all such modifications and varia- 
tions be included within the scope of the appended 
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claims. 



Claims 



1 . A mobile radio communication system, conprising: s 



a plurality of mobile stations; 
a plurality of radio means which can be con- 
nected to said mobile stations through radio cir- 
cuits: and 

radio control means for controlling connections 
between saki mobile stations and said radio 
m^ns; 

wherein said radio control means includes cir- 
cuit switching means for performing connection 
of said mobile stations and said radio means 
for a reverse-link from said mobile stations to 
said radio means and a forward-link from said 
radio means to said mobile stations nndepend- 
entfy of each other. 



2. 



3. 



4. 



A mobile radio communication system according to 
claim 1 , wherein 

said radio control means includes congestion 
detection means for detecting congestion con- 
ditions of the reverse-link and the forward-link 
between sakl mobile stations and said radio 
means independently of each other, and 
said circuit switching means changes the base 
station to be connected to the mobile station 
only for a circuit in which a congestion condi- 
tion has been detected by said congestion 
detection means. 

A mobile radio communication system according to 
claim 2, wherein 

said radio control means includes a manage- 
ment table in which reception levels of a signal 
transmitted from one of said base stations by 
said plurality of mobile stations and traffic at the 
base station are stored, and 
said circuit switching means changes the base 
station to be connected to a mobile station 
based on the reception levels and the traffic 
stored in said management table when a con- 
gestion condition is detected by said conges- 
tion detection means. 

A mobile radio communication system according to 
claim 3, wherein 

said drcuit switching means changes the base 
station of a mobile station using a circuit in 
which congestion is detected to the one which 
exhibits the lowest reception level stored in said 
management table, when a congestion condi- 



10 



15 



20 



25 



30 



tion is detected by said congestion detection 
means. 

5. A mobile radio communication system, connprising: 

a plurality of base stations which can communi- 
cate with each other through a mobile switch- 
ing center: and 

a mobile station which can communicate by 
radio with each of said plurality of base sta- 
tions: 

wherein a t>ase station for a reverse-link in 
which a signal is transmitted from said mobile 
st€rtion and a base station for a forward-link In 
which a signal is received by said mobile sta- 
tion are selected independently of each other. 

6. A mobile racfio communication system according to 
daim 5, wherein 

the base station of said mobile station which is 
in a congestion condition at the reverse-link or 
the forward-link is changed for another base 
station which is not in a congestion condition. 

7. A mobile radio communication system according to 
daim 6. wherein 

the base station of said mobile station is 
changed for the fonward-link. 



8. 



35 



40 



45 



SO 



55 



10, 



A mobile radio communication system according to 
daim 5, wherein 

the base station selected for said mobile sta- 
tion is changed based on traffic at said base 
stations and reception level of signals at said 
mobile statbn transmitted from said base sta- 
tions. 

A mobile radio communication system according to 
daim 5, wherein 

said mobile station communicates, while in the 
wireless zone of one of said base stations, with 
another one of sakj base stations in either the 
reverse-link or the fbnward-link. 

A radio circuit controlling method for a mobile radio 
communication system which indudes at least a 
plurality of mobile stations, and a plurality of radio 
means which can be connected to said mobile sta- 
tions through radio drcuits. comprising the step of: 

performing a connection of said mobile stations 
and said radio means for a reverae-link from 
saki mobile stations to sakj radio means and a 
fonward-link from said radio means to said 
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mobile stations independently of each other. 

11. A radio circuit controlling method for a mobile radio 
communication system according to daim 10, fur- 
ther comprising the steps of: s 

detecting the congestion condit'ons in the 
reverse-link and the fooA^ard-link between said 
mobile stations and said radio means inde- 
pendently of each other; and io 
changing said radio means which has been 
detected to be in a congestion condition for 
another radio means which is not in a conges- 
tion condition. 

15 

12. A radio circuit contrdling method for a mobile radio 
communication system accofding to daim 1 1 , fur- 
ther comprising the step of 

changing the base station of a mobile station 20 
based on reception levels at said plurality of 
mobile stations of a signal transmitted from one 
of said base stations and the traffic at the base 
station when congestion conditions in the dr- 
curt between said mobile stations and said 2S 
radio means are detected. 

13. A radio drcuit contrdling method for a mobile radio 
communication system according to daim 12. fur- 
ther comprising the step of 30 

changing the base station of a mobile station 
using a drcuit in which congestion is detected 
to the one which exhibits the lowest one of the 
reception levels when a congestion condition of 35 
circuit between said mobile stations and said 
radio means is detected. 

14. A radio drcuit contrdling method for a mobile radio 
communication system, comprising the steps of: 4o 

measuring congestion in the reverse-link and 

the forward-link of a base station; 

switching the reverse-link or forward-link of a 

mobile station in the wireless zone of said base 4S 

station to communicate with an adjacent base 

station; 

measuring reception levels of signals from said 
base station and adjacent base station by said 
mobile station; so 
reporting the reception levels and transmission 
power of said base station to said adjacent 
base station; and 

controlling the transmission power of said base 
station or said adjacent base station and con- ss 
trolling the transmisdon power of said mobile 
station based on the reported reception levels 
and transmission power. 



9 



EP 0 892 570 A2 




10 



EP 0 892 570 A2 



Fig.2 
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Fig. 3 
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Fig.6 
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Fig.7 
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Fig.9 
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